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Abstract. We investigate the rare decays Be — >■ Ds{1968)££ and Be — Ds{2317)££ in the framework of the 
light-cone quark model (LCQM). The transition form factors are calculated in the space-like region and 
then analytically continued to the time-like region via exponential parametrization. The branching ratios 
and longitudinal lepton polarization asymmetries (LPAs) for the two decays are given and compared with 
each other. The results are helpful to investigating the structure of Be meson and to testing the unitarity 
of CKM quark mixing matrix. All these results can be tested in the future experiments at the LHC. 
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1 Introduction 



The investigation on heavy-quark mesons is an active fron- 
tier of particle physics. The study of heavy-quark meson 
decays not only gives us insights on the hadron structure 
such as the hadron wave function [T] and the hadron trans- 
verse momentum distribution but also provides us 
an ideal field to study the mixing between different gen- 
erations of quarks by extracting the Cabibbo-Kobayashi- 
Maskawa (CKM) matrix elements. The investigation of 
the CKM matrix elements in heavy-quark meson decay 
processes can help us to test the charge-parity (CP) vi- 
olation in the standard model (SM) ^i5,^t7,t8j and to 
search for new physics beyond the SM [51110). Among all 
the heavy-quark mesons, the Be meson is of special inter- 
est because of its some unique properties. It is the lowest 
bound state composed of two heavy quarks (6 and c) with 
explicit flavor numbers. Distinguished from other heavy 
quark bound states like charmonia (cc bound state) and 
bottomonia {bb bound state) with implicit flavor numbers, 
Be can only decay via weak interaction. Thus, Be meson 
provides us a chance to study the weak interaction and 
the CKM matrix elements with all three generations in- 
cluded. Compared with the study of the B meson, the Be 
meson received less attention, because the production of 
Be mesons requires a much higher energy which is unac- 
cessible to most available colliders. However, it was pre- 
dicted that Be mesons can be generated dramatically via 
different ways ( 1 1 u ni[ni[TIl[T51l 1 6 111 7) in experiments at 
the Large Hadron Collider (LHC) which is running now. 
Therefore, it is mature for us to study the Be meson on 
many of its physical quantities experimentally. 
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Among all the Be meson decay modes, the rare decays 
Be — > -Ds(1968, 2317)^Z induced by the flavor changing 
neutral currents (FCNCs) are the most exciting ones. FC- 
NCs processes have received lots of attention since the 
cleg's measurement of the radiative decay & — >■ S7 |18) . 
The process b — >■ s££ which can only happen at loop level 
provides a sensitive and stringent test of the unitarity of 
the CKM mixing matrix. Thus, it can serve as a test for 
the validity of the SM. 

The decay process Be — > Ds{19G8)£l has been stud- 
ied in a number of models, such as quantum chromo- 
dynamics (QCD) sum rules (SR) and relativistic quark 
model (RQM) [19,20,21,22^. However, there are few in- 
vestigations on the decay Be Dl{2317)£l [23]. The 
£'*(2317) meson is considered to be of controversial since 
it was discovered in BaBar [23]. It was predicted to be 
broad and available to decay into DK and D*K in the 
potential-based quark models [^[^ . However, the BaBar 
results show that i:)*(2317) is below the DK and D*K 
thresholds and has a narrow decay width. Many works 
were done to clarify this disparity between theories and 
experiments. Some physicists advocated that £>*(2317) is 
a DK molecular [37], a DsTT atom [35] or a four-quark 
bound state [33], but some studies based on the heavy 
quark effective theory (HQET) '30''31 suggested that it 
is a conventional cs state. Following Ref. 30.31), we sup- 
pose that £'*(2317) is a cs scalar meson with even par- 
ity. The study of form factors for Be D*(23l7)£e pro- 
cess can also help us to learn more about the structure of 
i:':(2317). 

We choose the light-cone quark model (LCQM) [321I33[ 
[34] to perform the calculation in our work. LCQM takes an 
advantage of the equal light-cone time (t = t+z/c) quanti- 
zation and includes the important relativistic effects which 



2 



Teng Wang et al.: Be meson rare decays in the light-cone quark model 



are neglected in the traditional constituent quark model. 
In addition, compared with the complex vacuum in equal- 
time QCD, the vacuum in light-cone coordinates is sim- 
ple, because the Fock vacuum state is the exact eigenstate 
of the full hamiltonian and all constituents in a physical 
eigenstate are directly related to that state. LCQM was 
widely used in the investigation of hadronic decays ,35:j 36l 
[571155] and electromagnetic transition form factors [391140] , 
and it was proved successful in explaining the experimen- 
tal data. We calculate the form factors, branching ratios 
and longitudinal lepton polarization asymmetries (LPAs) 
for the two decay processes in the framework of LCQM 
and compare the results with each other. 

This paper is organized as follows. In Sect. 2, we dis- 
cuss the standard model effective hamiltonian for b — >■ siJ 
decay. In Sect. 3, we calculate the hadronic form factors 
for the two decay processes in the light-cone framework. 
In Sect. 4 we present our numerical results. In Sect. 5, we 
give the discussion and conclusion. 



2 Effective hamiltonian and form factors 



The rare decay Be — ^ Dgtl is described by 6 — > s££ transi- 
tion at quark level. After integrating out heavy top quark 
and bosons, one can write the effective interacting 
hamiltonian density responsible for this transition as [41j : 



Hib sl+t 



Gpa 
V27r 



VtbVZ [Cf{mh)sL"ft,bL£j^e 
2 SLia-^L^q^bj^I-f^^l 



q 



Cio{mb)sLl,,bLh^ld] 



(1) 



where Gp is the Fermi constant, a is the electromagnetic 
fine structure constant and Vij are the CKM matrix ele- 
ments. X{xt)^ the top quark loop function, is given by: 

X{xt) = —) tt + t; T^lnxt, [xt- 



{xt-l) {l-XtY 



and Ci{jl) are the Wilson coefficients. In particular, C?^ 



9 ' 



defined as an effective coefficient and containing the con- 
tribution from the charm- loop, is given by [42j : 



Cfiil) = Cg + (3Ci +C2 + 3C.3 + Ci + 3C5 

+ CeMm,, s) - ^h{0, s)(C3 + 3C\) 

+ ^(3^3 + ^4 + 3^5+^6), 



(2) 



where 

, / ^ 8, TOfc 8, . 8 4 2,^ 

hirrin, s] = In mm„ H \ — x 2 + x) 

^ " 9 A 9 * 27 9 9^ 



|1 - x\^/^[e{l - x)(ln| '^Z^ -| - ZTT) 



VT^- 1 



0(x — 1)2 arctan 1 , 



, 8 mb 8 4, „ 4. 



(3) 



(4) 



in which s — /ml, rhq = mq/rrib and x = Ani^/q^, where 
niq is the constituent quark mass. 

In Eq. Q , we neglect long distance contributions from 
charmonia vector resonances J/S', <?"',.■• [37,43^,44^. To eval- 
uate the decay rates and other physical quantities with 
this effective hamiltonian, we write the matrix elements 
of the effective nontrivial vertexes in Eq. ([T]) in terms of 
hadronic form factors: 

(i?,(1968)|s7^6|i?c) = [f+{q^)P^ + .f-{q^)q^l (5) 
(i^,(1968)|zsa.^756glBc) - [ (6) 

X [q^P^ - (P • q)q,,] Friq^), 



(D:(2317)|is7^756|Bc 
(i?:(2317)|sa,^75^nSc 



-[u+iq')P,+u.{q^)q^], (7) 
(8) 

x[q^P^^iP-q)q^]UTiq^), 



where P = Pb^ + Pd^ and q = Pb^ — Pd^ ■ These form 
factors defined above are related to the commonly used 
Bauer-Stech-Wirbel (BSW) form factors [45, via: 



Fr{q') 


- f+iq'), 


F^iq') 


-U{q')- 


Friq') 


= u+iq'^), 


Fo^Hq') 


= u+{q') 



Ml - Ml 



■f-{q% 



(9) 



Ml 



Ml, 



-u-iq')- (10) 



Then the differential decay rate of the exclusive pro- 
cesses Be — )■ Ds{l968)U can be expressed in terms of the 
form factors as: 



dr{Bc DJ+i-) Gj^Mlsa^ 
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where 



Tt+ = Og /+ - — — r= 

1 + V r 

/o+-|Cion(l-rf|/o| 
= (s - f - 1)^ - 4f, 



+ |Cio/+|^ 

1\ -f |2l 



/O = /+ + 



A/2 



Ml 



The longitudinal LPAs can be defined as: 
dTh=-i/ds - dr,,=i/dJ 



dr;i=_i/ds + dr^^i/ds' 



(12) 



(13) 



where the subscript h is the helicity of the ^ in final 
states. From Ea. ((T^ . we can obtain that [iB] : 



Pl{s) 



2(l-4^)V2^Cio/+ 


/+ReCf - 


2C7FT 
i+Vf _ 




0(i + ^)f^++6^/o+; 





(14) 



For the case of Be — > D*{2317)£l processes, we just 
need to replace the form factors /+ , /_ and Ft in Eq. (|11D 
and Eq. (jl4p with u^, u- and Ut respectively. 



3 Form factors in light-cone framework 

In LCQM, a meson can be considered as a quark-antiquark 
composed system. Assuming a meson with light-cone mo- 
mentum (P"*", (M^-|- Pj)/P+, P_l) is composed of two con- 
stituents qi and 52 , we can give the light-cone components 
of the momenta pi and p2 as: 

p+ = xP+, p+ = (1 - x)P+, 
Pi^ xP^L + k_L, P2± = (1 - a;)P_L - k^. (15) 

The light-cone wave function in the momentum space for 
a "^^^^Lj meson is given by: 



1 



^ss. 



-.{LS; Lz, Sz\LS; J, Jz 



(16) 



where {LS; Lz, Sz\LS; J, Jz) are the Clebsch-Gordon co- 
efficients and Rf^^^{x,p^) are the Melosh transforma- 
tion [771148114911 501151 [I52| matrix elements, which account 
for the relativistic effect due to quark transversal motions 
inside hadrons. Such an effect plays an important role to 
understand the famous proton "spin puzzle" [551151] . 

We use Gaussian-type wave functions [33] to describe 
the radial part ^plLz (^1 P±) ■ 



^(x,pJ,=o = ^^^exp(-^ 



(17) 



(P(x,p_l)l=i = ^5/2 V d^^^-'^'^'P^ 2^^' 



(18) 



where 



PL,=±1 = ^ PL,=0=Pz- (19) 

In the light-cone framework, pz can be represented as: 



1 N nin — rni 

P. = i.--)Mo + ^^, (20) 



where Mg = X]i=i(l^li+™f rrii is the constituent 

quark mass. 

For pseudoscalar mesons (^^'^^Lj — ^Sq), the spin- 
orbit part Rf^^^{x,pjJ can be simplified as an effective 
vertex form: 



^a"a.(^,P±) = - 



uipi,\lh5v{P2, A2) 
V2M0 



(21) 



where Mq = \/ — [m\ — m-i)^ . 

Correspondingly, for scalar mesons (^^^^Lj — ^Pq): 
we can also write an effective vertex by combining Clebsch- 
Gordon coefficients, spin-orbit part Pf'^^f (x,p_|_) and pi,^ 
in the radial part '^(x^ Pj^)l=i together as |36) : 

{\S\Lz, Sz\\S\ J, Jz)RI%^{x,p±)pl, 

Mo 



m(pi,Ai)u(p2, A2) 



VGMo 



(22) 



In LCQM, the Drell-Yan-West (DYW) {q+ = 0) frame [! 
[56] is widely used to calculate form factors. We can avoid 
the non- valence diagrams arising from the quark-antiquark 
pair creation (so-called Z-graph) [57] by choosing DYW 
frame. In this frame, the momenta of mesons in the initial 
and final states are represented as: 



'Z=(0,|^,q^),PB. = (P+,^,0) 



P^ 



Pd = iP' 



P+ ' 



-q± , 



(23) 



and the momenta of constituent quarks are represented 
as: 

/ , m? + ki 

i^c-=Up+,— ^,-k, 



Pb = (l-a:)P+, 



m? +k^ 



(1 - x)P- 



■,ki , 



(24) 



With the effective vertex and the wave functions given in 
Eq. P^ ^Eg. ([TS]) . we can give the explicit forms of the 
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Table 1. The electro- weak parameters 



Table 2. Form factors for Be Ds{1968)U decay process 



Parameter Value 



Parameter Value 



mw 


80.41 GeV 


Ci 


-0.248 


mz 


91.837 GeV 


Ca 


1.107 


sin^ 9w 


0.2233 


C3 


0.011 




129 


C4 


-0.026 


\VtlVts\ 


0.0385 


Cs 


0.007 


Ce 


-0.031 


C-j 


-0.313 




4.344 


Cio 


-4.669 



form factors /-(g^), ^¥((7^), u+lg^), u^{q^) and 

Uriq^) (see in appendix). 

Noticing that all the form factors are calculated in the 
space-like region with = q'^q~—o^^ < 0, while Be meson 
rare decays are defined in the time-like region, we need to 
parameterize the form factors as explicit functions of q^ in 
the space-like region and then extended them through the 
analytical continuation to the time-like region. We choose 
a three-parameter form in this paper as: 



F{q') = F{Q)eM<qVMl)+h{q^/Mlf] 



(25) 



where F{q^) denotes any one of the form factors used in 
this paper. 



4 Numerical results 

In this section, we calculate the form factors, branching 
ratios and longitudinal LPAs with input parameters. The 
Wilson coefficients and other electro-weak constants used 
in Eq. ^ and Eq. ^ are given in Table [1] 22 : 

The constituent quark masses used in LCQM calcula- 
tion are chosen as 1551: 



= 0.37 GeV, 



= 1.4 GeV, nib = 4.8 GeV. 



There is still another important parameter /? which de- 
scribes the momenta distribution of constituent quarks in 
Eq. ((TT)) and Eq. (fT8|) . It can be fixed by meson decay 
constants as: 



da;d^k_L A 



dxd^kj^ ^11(1 — x) — TO2X 



167r3 



(Pp{x,kj_), 



(26) 



where A — ms(l ~ x) + mtx, fp and fs are the decay 
constants of pseudoscalar and scalar mesons, and ips and 
ipp are s-wave and p-wave functions. 

The decay constants of B^, Ds{1968) and D;(2317) 
mesons in this paper are employed as /b^ = 400 ± 40 MeV 
[59], /d. = 257.8 ± 5.9 MeV ^ and fo- = 71 MeV [61 . 
Then, we can fix the P parameters as: Pb^ = 0.89 ± 0.075, 
/3z3, = 0.56 ± 0.011 and /Set = 0.3376. 





F(0) 


a 


b 


/+ 

Ft 


0.251H1 

-0.245l»;fo 

-0.357lH^ 


3.05l»;f, 

^■^^-0.20 


0.74lH^ 
0.681HI 



Table 3. Form factors for Be -i> D*(2317)^^ decay process 





F(0) 


a 


b 


u+ 

U- 

Ut 


o.iiolH? 

-0.144l°:»? 
-0.194tO:«i 


4.093t°1^ 
4.235to-i? 
4.068t°:« 


0.895lHi 
0.9881HS 
0.8851HS 



As we have mentioned above, the physical energy re- 
gion for rare leptonic decays is time-like. For Be — Ds{1968)££ 
decay process, the region is Amf < q^ < [Mb^ — Md,Y = 
18.56 GeV^ and for B^ Dl(2317)U decay process, the 
region is Amf < q^ < {Mb, - Moi f = 15.67 GeV^. Be- 
cause the form factors in both time-like and space-like re- 
gions share the same form, we can choose the energy area 
in space-like region ranging from -25 GeV to GeV to per- 
form the light-cone calculation and then extract the pa- 
rameters a, b and F(Q) in Eq. (|25p with the errors coming 
from the uncertainties of /? parameters, so we can acquire 
the Be decay form factors. 



With a light-cone calculation and parameters fitting, 
we list the parameters in the form factors /+, /_, Ft^ 
■u- and Ut in Tableland Tabled 



In Figs. [T][31 we show our results of /+, /_ and Jt 
for Be — > £'s(1968)££ decay process and compare them 
with other predictions [19','20"21'. As shown in the fig- 
ures, the absolute magnitudes of the form factors in our 
results are slightly larger than those in Azizi's [TO] (dot- 
ted curve), those in Geng's [50] (dashed curve) and those 
in Choi's [21 (dash-dotted curve) at = point. We 
also compare the form factors for decay process Be 
i:>s(1968)£Z with those for decay process Be I?*(2317)« 
in Figs. |3][ni We can see from the figures that the abso- 
lute magnitudes of form factors for decay process Be 
153(1968)^^ are about twice larger than those for Be — > 
D*(2317)^£ process at ^ point, but as q become 
large, they tend to be the same. 
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the dotted curve, Ceng's are represented by the dashed 
curve and Choi's [2T] are represented by the dash-dotted curve 
respectively. 



0.0 0.1 0.2 0.3 0.4 0.5 
S 

Fig. 1. /+((7^) for Be Ds(1968)^Z with definition S = 
q'^ /Mg2. Our results are represented by solid curve, Azizi's [1^ 
are represented by dotted curve, Ceng's [2^ are represented by 
dashed curve and Choi's [21] are represented by dash-dotted 
curve respectively. 
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 
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Fig. 4. for Be (1968)^1 process represented by 

the solid curve compared with M+(g^) for Be ^ D*{2317)££ 
process represented by the dashed curve. 



CO 



0.1 0.2 0.3 0.4 



0.5 



Fig. 2. /-(g^) for Be Ds{1968)e£ process. Our results are 
represented by the solid curve, Azizi's [l^ are represented by 
the dotted curve, Ceng's [20] are represented by the dashed 
curve and Choi's [21] are represented by the dash-dotted curve 
respectively. 

0.0 
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 



Fig. 5. /-(g^) for Be Ds{1968)U process represented by 
the solid curve compared with u-{q'^) for Be -5> D*{2317)££ 
process represented by the dashed curve. 



CO 



0.0 0.1 



0.4 0.5 



0.2 0.3 
S 

Fig. 3. /T(g^) for Be Ds {1968)££ process. Our results are 
represented by the solid curve, Azizi's [19) are represented by 
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Fig. 6. /T(g^) for Be -> D,(1968)^^ process represented by 
the soUd curve compared with itT(g^) for B^ D*{2317)££ 
process represented by the dashed curve. 



Differential branching ratios for decay processes Be — 
Dl{2317)U and D,{1968)U are shown in Figs. Vm 

We only take into account the short distance effect in the 
effective hamiltonian, so there are no peaks at cc resonance 
threshold. It is interesting to notice that the form factors 
for the two decay processes show few differences, but the 
differential branching ratios of the two decay modes have 
large discrepancies as shown in Figs. [7][51 The maximum 
values of differential branching ratios for Be -> Ds{1968)£l 
decay process are about 3^10 times larger than those for 
Be — > D*{2317)£l decay process. Longitudinal LPAs are 
shown in Fig.lTUland Fig.[TTJ It is easy to find from Fig.lTUl 
that the LPAs for both Be Ds{1968)n+n- and Be 
Dl (2317) decay processes are close to -1 in most of 
the energy region, and become zero sharply at the end 
points of S. It can be explained by a formula |62] : 




s 

Fig. 8. Differential branching ratios of Be — >■ Dsfi'^ n~ decay 
process, represented by the solid curve, and Be —J- D'fi'^fj.' de- 
cay process, represented by the dash-dotted curve. The shaded 
regions show the errors. 



2CioR.eCg*'^ 



(27) 



when lepton mass m; — 0. However, for the case of € = t, 
because of the heavy mass of r, the values of LPAs change 
remarkably with the variation of S as shown in Fig. (Ilip . 




Fig. 7. Differential branching ratios of Be 
cess, represented by the solid curve, and Be — >■ D*vV decay 
process, represented by the dash-dotted curve. The shaded re- 
gions show the errors. 




Fig. 9. Differential branching ratios of Be — ^ DsT t~ decay 
process, represented by the solid curve, and Be — >■ D*t^t~ de- 
cay process, represented by the dash-dotted curve. The shaded 
regions show the errors. 




Fig. 10. Longitudinal lepton polarization asymmetries of 
Be — >■ Dsfi^ j-L~ decay process, represented by the solid curve. 
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Table 4. Branching ratios without long distance contributions for Be — >■ Ds{1968)££ decay 







our results Azizi 19 




Ceng 120] 




Choi [21] 


B{Be ' 
B{Bc - 
B{Be - 


^> Dsw) 
D,r+T 


l-67lo.3g X 10"" 0.49 X 10" 
-) l-26lJ:3o X 10"'^ 0.61 X 10" 
-) 0.37l!5:|^ X lO"'^ 0.23 X 10" 


6 
7 
7 


0.92 X 10' 
1.36 X 10" 
0.37 X 10" 


-6 
-7 
-7 


0.37 X IQ-'^ 
0.51 X 10"^ 
0.13 X 10"^ 




Table 5. Branching ratios without long distance 


contributions for Be 


D*(2317)^£ decay 






our results SR [23] 










B{Be - 
B{Be - 
B{Be - 


DIt+t 


3-08lo;73 X 10"'^ (3.06 ±0.76) x 10"^ 
-) 2.27lJ:^7 X 10~* (3.76±0.92) x 10"* 
-) 3.53l2:?6 X 10"" (1.28 ±0.32) x 10"'' 











and Be — > D'fi'^fi decay process, represented by the dash- 
dotted curve. The shaded regions show the errors. 

0.1 I ' ' ' 1 




-0.3 



0.3 0.35 0.4 0.45 0.5 

s 

Fig. 11. Longitudinal lepton polarization asymmetries of 
Be — >■ DsT^T~ decay process, represented by the solid curve, 
and Be — > D*t'^t~ decay process, represented by the dash- 
dotted curve. The shaded regions show the errors. 

By integrating the differential ratios over 5* = /AI^ , 
we can obtain the branching ratios for the two decay pro- 
cesses. We hst the results in Table 2] and Table [5] and 
compare our results with other predictions. 

The average values of LPAs can also be acquired by in- 
tegral. For the decay process Be Ds{1968)£~^£~ , the av- 
erage values of Pl are -0.94l°;J^, -0.07l^ ?i for £ = /i,r 
respectively. For the decay process Be — S' D*{2317)£^£^ , 
the average values of Pl are -CgSlg j^I, -0.032;° °°;5 for 
£ — fj,,T respectively. 



5 Discussion and conclusion 

In this work, we analyzed the rare leptonic decay pro- 
cesses Be Ds{l968)l£ and B^ Dl{2317)£l within 
the framework of the LCQM. We calculate the transition 
form factors and obtain the branching ratios of the rele- 
vant decay modes in which a v, fi oi t lepton pair is pro- 
duced at the order IQ-^ ^ iQ-^. For B^ 1?^ (1968)^? de- 
cay modes, we give a comparison of branching ratios with 



other predictions. The results from our model are much 
larger than the results from RM and SM, and are compa- 
rable with QM. We also give our predictions of branching 
ratios of Be D*{2317)££ decay modes, and notice that 
they are about 80 percent smaller than the relevant ones 
of Be Ds{1968)££ decay modes. 

As the LHC started running recently, the Be meson 
plays an important role in investigating the structure of 
hadrons and in testing the unitarity of CKM quark mix- 
ing matrix. Experiments at the LHC may not be able to 
measure the modes in which a neutrino pair is produced. 
For Be Ds{1968)£+£', candidates for i:»^(1968) can 
be reconstructed in the mode Dg — >■ </)(—>■ K~^K~)Tr |63) . 
To enhance the search sensitivity, it can also be recon- 
structed in the modes D+ 'K*"k+, D+ K+K^, or 
£)+ -J> TT+TT+TT" [M1I55] . If we take the mode Ds -J> 4>tt of 
which the branching ratio is 4.5 ±0.4% into account to re- 
construct Ds , the effective branching ratio of Be — > Dg (— > 
(j>Tr)iJ.+^i~ is 0.56tJ5:i^ X IQ-^ and that of Be 
(j)7T)T+T- is l.mtlil X 10^9. For Be D*{2317)e+e-, 
candidates for D*(2317) can be reconstructed in the mode 
D* ^ DsTr° ISllBZJIMj- With the branching ratios of the 
other decay modes of D*(2317) much smaller than that of 
DsTt'^, the search sensitivity depends mostly on the recon- 
struction of Ds- Therefore, the effective branching ratio of 
Be Dli^ Dg{-^ (l)Tr)n°)n+fi- is 1.02^°;^^ x IQ-^ and 
that of Be D*{-^ Dg{-^ 07r)7rO)r+T- is 1.59tj^ g? x 
10"^". All the results predicted in this paper can be tested 
in the future planned experiments at the LHC. 
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Appendix A 

The form factors /+(g^), Friq"^), u+{q^), Uriq^) can be 
obtained directly from the calculation of matrix elements 
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{Ds\sr~^b\Bc) in LCQM. They can be expressed in explicit 
forms as: 

f+{<f) = da; J ^^<j>l{x,\<i_^)(j)s{x,'k±) 
AsAb + k'_L • k_L 



A^,+k'l^Al + kl 
A'sAb + kY • k_L 

^JAl + k'l^Al + kl 

FTiq') = Ax j ^0*(x,kY)0,(x,k^) 

^JAl + \^l^Al + kl 
Uriel-) = dxJ^^^r,{x,k'M^,k^) 



c{Mb, + MD'J[Ab - {m, + rub)^ 



(28) 

where k^ = kx — xqj^, As = rriaX + mq{l — x), Ab = 
rUbX + TOq(l — x), and As = —msX + mg(l — x). 

For f-{q^) and U-{q'^), we can not evaluate thcni by 
choosing the plus component of the current, so we use the 
_L components of the current to obtain f-{q^) and U-{q^): 

(D,|s-(q^ • 7±)75&|i3c) = qi[/+(g') - 
da;d^k_L x(j)l{x,'k'^)(j)s{x,'k^_) 



Al + \^l 



^ (1 — a;)x (1 — x)x 

+[(-ms + rubf + qi]k_L • q^}, 



(29) 



(i):|s(qx • 7±)75&|5e) = qi[«+(g') - u.{q^)] 



I 



daid^kj. Mo a:(/>*(a::,k'j_)<;is(a;,k_L) 



2 I „2 



+[(ms + rubf + qi]kj_ • q^}. 
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